Chronic disease is an important factor that affect the health of elderly people. We analyzed the 2006 and 2010 data from the Chinese Urban and Rural Elderly Population Surveys, which are nationally representative surveys of elderly people aged 60 years and above. We found that there existed a typical power-law distribution for the rates of different numbers of chronic diseases among elderly Chinese people. A Kolmogorov-Smirnov test indicated that the result was robust, and the power exponents were approximately −2.5. In addition, a paired t-test was conducted, which demonstrated that the rates of different numbers of chronic diseases did not have significant urban-rural differences, time differences or gender differences.
Introduction
Chronic diseases are chronic noncommunicable diseases, and they include cardiovascular diseases, diabetes, chronic obstructive pulmonary disease, and chronic kidney disease. Chronic diseases not only seriously affect the quality of life of the elderly and their families but also cause an economic burden on the family and society. Many studies have postulated that chronic diseases are significant risk factors for the development of disabilities. Over the past 20 years, there has been an increase in the prevalence of chronic disease [1] , and the majority of elderly people aged 65 years and older suffer from multiple chronic diseases [2] [3] [4] [5] [6] .
China has become an aging society, and chronic diseases have become important factors that affect the health of elderly Chinese people [7] [8] . The most common cause of death among Chinese residents is chronic disease rather than infectious disease [9] [10]. In 2010, the number of patients with chronic diseases reached 300 million, and 75% of the deaths were caused by chronic diseases [11] .
Power laws in general have and continue to attract considerable attention in a wide variety of disciplines-from astronomy to demographics to software structure to economics to finance to zoology, and even to warfare [12] [13] [14] . Typically, an analyst must work with integer-valued random variable n, its observables (numbers of objects, people, cities, words, animals, corpses) are positive inters with { } 1, 2, 3, n ∈ ⋅⋅⋅ . Sometimes, the range of values is allowed to be infinite (at least in principle), and sometimes a hard upper bound N is fixed (e.g., the total population if one is interested in subdividing a fixed population into sub-classes). Probability distributions that are especially interesting arise from probability laws of the following form: 1 z n p n ∝ .
Power law distributions describe common features of many complex systems. The power-law scaling observed in the primary statistical analysis is an important feature but is by far not the only feature that characterizes experimental data. It provides us
with important information about a system's stability and evolution.
Although a power-law phenomenon usually exists in economic and social systems, few studies focus in the distributed characteristics of the number of chronic diseases in a special subpopulation such as elderly people. We used 2006 and 2010 data from the Chinese Urban and Rural Elderly People Survey published in 2012 to find the distribution of the rates of different numbers of chronic diseases.
The remainder of this paper is structured as follows. Section 2 introduces the data and methods, including the paired t-test, power-law distribution and KolmogorovSmirnov test. Section 3 provides an empirical study of the 2006 and 2010 data, and Section 4 presents our conclusions.
Methods

Data
The data used in this study were obtained from Mid-South China-Henan, Hubei, Hunan, Guangdong, and Guangxi; Southwest China-Sichuan and Yunnan; and Northwest China-Shanxi and Xinjiang. The data sampling method was the same as that for the Fifth Population Census, and it was based on the distribution of the population 60 years and older; a quota from each of these six regions could be determined. Then, stratified sampling was used to confirm that the sur- subjects included elderly individuals who ranged from 60 to 102 years of age.
The appropriate processing of the data from the two surveys was a key aspect of the analysis, and the data were selected as follows:
1) All of the indicators that we used here were default-free. Data is from household tracking, including many indicators such as gender, age, census register etc. We give up some data that indicators are not complete to ensure the reliability of data.
2) We discarded samples that reported inconsistent chronic conditions. Specifically, we excluded cases in which suffering from chronic diseases was indicated while not specifying any chronic disease.
3) In general, women cannot have prostatitis, and men cannot have gynecological disease; thus, we discarded data samples that reported impossible chronic diseases.
4)
To facilitate the distinction between urban and rural, we used the agricultural and nonagricultural census registers (e.g., an individual who transferred from an agricultural to a nonagricultural census register was considered to be a nonagricultural census register).
5) There were 25 types of chronic diseases in the survey; the 25 th was "other chronic disease", which was not a specific disease. One could choose this option if one is suffering from a type or more than one type of chronic disease that was not among the 24 types of chronic diseases in the survey. We hypothesize that one chose the option of "other chronic disease" was just suffering from a single type of chronic disease. Thus, the minimum number of chronic diseases that one person could suffer from was 0, and the maximum number, in theory, was 25.
Using the processing methods described above, the final number of available samples 
Paired T-Test
Because most of chronic diseases are reversible, the morbidity of chronic diseases among elderly people of various ages does not have a cumulative effect. Thus, we could not use the distribution fitting method to conduct a variance analysis. Meanwhile, when analyzing the influence of some social-economic factor on chronic disease, we usually presume the influence of the factor is same on different elderly cohorts. Therefore, in this study, we used the paired t-test to perform the analysis.
The paired t-test can verify whether the effect of a factor is significant, For example, we can use paired t test to found out whether two weighing machines are the same. The objects to be weighted can be very different, it can be light, such as bag, shoe, cat, book and food, if possible, it can also be very heavy, such as refrigerator and elephant. We can get the weight of the objects by using the two machines, and then proceed paired t test to verify our hypothesis. If the machines have no system error, the mean of the weight differences should be close to 0, if else, we can infer that the two machines are different.
The theory of paired t-test is as follows:
Consider n pairs of independent observation data ( ) ( ) ( ) 
The t-test, statistics and rejection regions used in this study are obtained as follows:
where D , D S and a are the sample mean, sample standard deviation and significance level, respectively.
Power-Law Distribution
In mathematics, if the density function of a random variable X is the following:
then we can say that x follows a power distribution, in which a is a constant that is called the power exponent. The power distribution showed very strong heterogeneity, and the power distribution is the only distribution that has the property of "no scaling".
When the density function is
The meaning of the function is that when the unit or the "scale" of the variable x changes a constant number of times, the form of the distribution f(x) remains unchanged. Taking logarithm on both sides of Equation (2), we get
From (4), we can see that a is the slope that reflects the rate of change between logarithmic probability density and logarithmic random variable.
Kolmogorov-Smirnov Test
In statistics, the Kolmogorov-Smirnov test (K-S test) is a form of minimum distance estimation that is used as a nonparametric test of equality of one-dimensional probability distributions, and it is used to compare a sample with a reference probability distribution (one-sample K-S test) or to compare two samples (two-sample K-S test).
Hypothesis test problems are as follows:
H0: the samples are drawn from the same distribution (in the two-sample case) or the sample is drawn from the reference distribution (in the one-sample case).
H1: the samples are not drawn from the same distribution (in the two-sample case)
or the sample is not drawn from the reference distribution (in the one-sample case).
The 
D n α is the critical value at a significance level of a, and the sample size is n.
Data Analysis Results
Power-Low for the Rates of Different Numbers of Chronic Diseases by Gender and Census Registry
The The adjusted R-square of the fit was 0.9846, the SSE was 3.1630, and the RMSE was 0.5134. Next, two-sample Kolmogorov-Smirnov tests were performed to verify that the distribution of the rates of different numbers of chronic diseases was a power-law distribution. The two-sample K-S test returns a test decision for the null hypothesis that the data in vectors ×1 and ×2 are from the same continuous distribution, and the alternative hypothesis is that ×1 and ×2 are from different continuous distributions. The result (h) is 1 if the test rejects the null hypothesis at the 5% significance level and 0 otherwise.
The two-sample K-S test results (h) of the fitting in 2006 and 2010 were all 0, and the asymptotic p-values were all greater than 0.05, which means that the K-S test did not reject the null hypothesis at the 5% significance level; in other words, the rates of different numbers of chronic diseases in 2006 and 2010 obeyed a power-law distribution. Table 1 
Paired T-Test of the Census Registry and Gender and Power-Law Fit
This paper used the paired t-test to verify the census registry and the effects of gender on the rates of chronic diseases. The original data for the paired t-test were the rates of different numbers of chronic diseases. The minimum number in the survey was 0, which represents that one person was not suffering from any of the diseases, and the maximum number in the survey was 16, which represents that one person was suffering from 16 diseases at the same time.
Paired T-Test on the Census Registry
In this section, we provided the test results for the sub-groups by the census registry from two surveys, and the corresponding results were shown in Table 2 .
As shown in Table 2 , all of the paired t-test p-values were close to 1, which indicates that the rates of the different numbers of chronic diseases did not exist urban-rural differences.
Paired T-Test of Gender
In this section, we given the test results on the male elderly and female elderly groups, and the results were shown in Table 3 .
As shown in Table 3 , all of the paired t-test p-values were close to 1, which indicates that the rates of different numbers of chronic diseases did not exist gender differences. Table 3 . Paired t-test of gender. Table 4 .
As shown in Table 4 , all of the paired t-test p-values were close to 1, which indicates that the rates of different numbers of chronic diseases did not have time differences.
Power-Law Fitting of the Total Samples
The paired t-test results showed that the rates of different numbers of chronic diseases did not exist time differences. The results mean that the samples in 2006 and the samples in 2010 can be combined together to obtain the power-law fit for the rates of different numbers of chronic diseases (see Figure 3 ). The K-S test result (h) was 0, and the asymptotic p-values were all 0.2672 > 0.05, which mean that the K-S test did not reject the null hypothesis at the 5% significance level. In other words, the rates of different numbers of chronic diseases followed a power-law distribution. Furthermore, the power exponent of the samples was −2.48, which was very close to mean −2.5. This indicates that the logarithmic number of chronic illness that an elderly had declines at a certain ratio as logarithmic age increases.
Conclusions
We used the data that were obtained from In the future, we wish to explore whether the distribution of chronic diseases has differences among the different types of chronic diseases, such as fatal chronic disease and non-fatal chronic disease, and in addition, we want to explore the intrinsic mechanism of the distribution of the number of chronic diseases.
